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Wc dcscribc  a small weight and low power magnetometer which was designed and

built for the Mars ’94 mission. A similar design could easily fit on the Pluto ]’ast l’lyby

spacecraft with minimal request of spacecraft rcsourccs with a substantial gain in scicncc.

1. introduction

‘1’hc principle of operation of each component of the tllrcc-col]lpor~cl~t  magnctomctcr

rcscmblcs  that of the well-known fluxgatc magnctomctcr: A highly pcrmcablc  core is

alternately saturalcd  by a strong magnetic field in both prcfcrcntial  directions of

nlagncti7,aticm. III a pick-up coil surrounding the core, an alternating voltag,c is thus

induced. In the abscncc of external magnetic fields, this a.c. voltage will consist only of

odd-numbered frequency components of the fundamental wave. If the systcnl  is exposed

to an additional cx[crnal magnetic field, even-numbered harmonics will also appear in the

induced voltage. They arc largely proportional to the external field, and they may be

dc[cctcd.  “J’hc proportionality can bc improved considerably by applying the principle of

inverse feedback.



11. Pmbcs

Contrary to the bar magnetic cores of fluxgatc n]agnctotmtcrs,  the onc dcscribcd here

uscs toroidal  corm. Such corm  arc used very succcssful]y  parlicu]arly  in space

magnctomctcr  cxpcrimcnts  (projccls: MAGSA’I’ [Acuna ct al. 1978], G101’’1’O

[Ncubaucrct  al. 1986]). "J'hcyhavc  thcadval~[agcs  c~fagrcalcr  scl~sitivity,  a1()wcrxc1.o-

point drift, and lowcrnoisc. Bccauscof thcirclosc(i  magncticcircuit,  they require Icss

excitor power than the strongly sheared bar corm. “1’his means that they arc more easily

saturated. 1 ;irst rcfcrcnccs  to magnctornctcr  of this type can alrcad y bc founcl  in

Aschcnbrcnncr  and Chubau [1935]. They usc(i florist’s wire for their magnclic core! Ijor

the wide tcmpcraturc  range application desired for Mars ’94 anti Pluto Fast Flyby, nickel

molybdenum pcrmalloy cores with a diameter of 0.625” and a Curie lcn~pcraturc  of about

465° C were chosen.

“l’he cores, which arc equipped with a magnetization coil (excitor coil), arc surrounded

by the actual pick-up coils (mcasurcmcnts  coils), which arc flat rectangular coils. ‘1’hc

latter consist of a thin-walled h4ACXM< coil form, which supporls the winding of cnan~cl-

coatcd copper wire. The tcn~pcraturc  coefficient of MACOR (about 10 ppm) is about

equal to that of the toroidal  cores, so that even considcrabk  tcmpcraturc  variations will

not result in mechanical stresses.

Because the magnetometer is operated in the inverse feedback moclc, each of these

coils has dual functions: on one hand, it is used to detect the induced voltage, on the

other hand, to compensate the (magnetic) field in its interior (in the direction of its axis).

‘J’hcrcforc the magnetic toroidal  cores operate in a near-zero field. ‘l”his cause the output

signal, which is proportional to the field, to be linear over a wide measuring range.

Convcrsc]y, by the inverse feedback the tcmpcraturc stability of the instrument is mainly

attributed to the mechanical stability of these coils.

I!ach one of these units of toroidal core with pick-up coil is a magnetic probe, the

measuring axis of which is identical with the longitudinal axis of the coil.  To rncasurc

the three dimensional magnetic field vector, three such units arc required. ~’hcy arc

mounted orthogonally to each other on a 1.I~XAN  support. Because of the inevitable

extent of the individual probes, they can only bc mounted with spatial displacements.

‘1’hc components arc spaced approximately 22 mm from each other.
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1.2 Magnctomctcr Iilcctmnics

‘1’hc Mars ’94 magnctomctcr  electronics arc quite similar to II1OSC  of other space

mission lluxgatc circuilrics. l’hc main design goals were ]owcst  power consumption, and

lowcsl possible mass, an(i wide tcmpcraturc range (-100 to + 150” C).
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Block  diagram of the MARS ’94 magnctomctcr electronics;
only onc component of tbc sensor clcctrcmics showJ1.

1.2.1 IIxcitcr  Circuit

‘l’he cxcitcr circuit provides the periodic rnagnctiz.ation  and dc]~l:~gtlc[i~atiol)  of the

tmoicial  cores. ‘1’hc exciter frequency chosen in our case, 8 kcps, is gcncratcd by a quartz

oscillator with subsequent divider stage. At the same time, the control signal with the

doub]c frequency 2f as nccdcd for tbc synchronous rectifiers (Iocatcd on the analog

boards) is obtained from this divider stage. lkr the exact a(ljustmcnt  of the working point

of the rcctificr, a cligital  phase shifter is provided.

“1’hc  magncti~,ing  current is supp]icd  by a c(~]]~plc~~~c[]t:ily  transistor-cxcitcr-inductivity

and a capacity in parallel with the inductivitics of the tomidal cores, which are conncctcd

in series, a very cfficicnt stimulation circuit may bc rcalixcd: the additional induclivity
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l>r~>vt`.tlts  )~igtlctlrrctlt  p(?~lk:ll  lll~:cxcitcr  circLlit and a]sodccouphx  i[fronl lhcmagnctic

circuits, so that k circuil capacitor is periodically c.hargcd. When thC VO]h~C at the

capacitor rcachcs a ICVC1 at which lhc cxcitcr current begins to saluratc the loroidal  cores,

the rcsultit~g sudden rcduclion  of the inductivitics cffccls a colr~:sl)oll(lill~”  dccmasc in the

inductive resistances. ‘1’hc capacitor is now i~lstatltall~:ollsly  discharged via lhc cxcilcr

coils of the toroidal  cores. “1’his causes current peaks of up to 250 milliamps and more in

this circuit, which pmiucc  ~ll:igt~ctiz:ltioll  field intcnsi(ics far above the saturation field

intensity of the mrc material. l’hc cxcitcr circuit is not affcctcd  by this, its input current

is lower by at least onc order of magniludc.

1.2.2 Analog Circuil(s)

“1’hc analog circuit for each compcmcnt of the magnetic field produces an outpLIt  signal

that is proportional to the magnetic ficl(i to bc measured. As cxplainc(i  above, for this

purpose the 2f alternating voltage component of the voltage intiucc(i in the pick-up coil is

usc{i.  At first the in(iuccd  voltage is amplific(i,  then it is rcctificci  synchronously with

twice the exciting frequency.

Bcsi(ics  lhcir function as rcctificrs, synchronous dctcctm  have a properly that is very

dcsirc(i  in our case: they act as narmw-ban(i  filters at their operation frequency. The

ban(i-wi(lth is csscntial]y dctcrminc(i  by the cutoff frequency of the subsequent low-pass

filter, in this case an active intcgra[or.

‘1’hc stages (icscribcd so far alrca(iy cslablish  a complctc  magnclomctcr  with non-

invcrsc  fcmi-back,  i.e., at the output of the intcgra(or,  a voltage proportional to the

magnetic field is availab]c.

‘1’hc inverse feedback operational mcxic of the l~~:ig,t~ctc)tl~ctcrs  is cffcctc(i  by a suitable

return circuit of a current proportional to the output voltage to the pick-up coil. 2’o keep

the power consumption low, the amount of active electronic (icviccs was lowcrmi to the

abso]utc minimum. That is why the voltage to currmt conversion is performed by an

cmiinary resistor instca{i  of an acidiiional current source (operational amplifier), rsp. three

of those. Without the current source it is inipmsiblc  to achicvc active tcmpcraturc

compensation of each sensor’s sensitivity by a negative impc(iancc convcrtcr  circuitry

(NIC). But the (iccision  was supportc(i  by the results of mcasurcmcnts of the sensitivity’s
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kmpcraturc  dcpcndlmy. ‘J’hc measured drift is in the range of 0.2-0.08 nr17K [G. Clcrc,

i]llcrll:ill+c:porl:illci  priv;ltc (:olllnllltlic:lti(  ~n, 1992].

‘1’oachic.vc  an almost magncticallyclcan  environment during operation, thcscnsor

head has to bc moved away from tbc spacecraft as fare as possible. ‘l’his will bc

performed by a two-times fo]dcd boom. “1’his is shown in l;igurc  2.. Wilh respect to mass

and stiffness, the boom will bc made out of carbon fiber tubes, which arc filled with

slyrofoam. “J’hc forces for releasing or opening the boom will bc clclivcrcd  by

nonmagnetic springs.

I~ig. 2 311c triaxial  rma~nctmnctcr  (Icft end), boom and electronics.

IIUC to the lack of prccisc drawings or, a lot better, a model of onc of the four petals,

covering the upper part of the Small Station, the dcvclopmcnt of the boom is not yet
finished. ‘1’hc attached two drawings should bc regarded as preliminary orrcs only.



3. I’luto  }Jast Idyby

l;OI the Plu(o mission wc propose to usc ci[hcr a shorl carbon fiber boom, such as on

Giotlo.  ‘1’hc mass of a 2 meter boom is 150 g.
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4 Appendix

4.1 Tccht~icalIA~ta

● Mechanical ltcms: Sensor Ilcad

Sensor head dimensions
I lousing Iubc diameter
1 ]OUSill~  tube length
‘1’hickncss of damping material
Outer diarnctcr of sensor head
length of sensor head

Material of sensor coil support
Magnetic material of sensors
Material of sensor suppml
IJamping material

Mass of sensor head
To(a] mass of sensor head

:29*29*55n1111~[w*h*]]
:47 mm
: apprcrx.  75 mm (depending on iilclillotllctcr(s(l)  !)
:9 mm
:65 mm (incl. damping rnatcrial)
:95 mm (incl. damping rnatcrial)

: MASCOR-structure
: Nickel molybdenum pcrmalloy, toroidal  shaped cores
: I,l~XAN-structure
: R()] IACILI  .1.

:35g
:l18g

+ Mechanical ltcrns:  Magnctmnctcr Electronics

Dimensions of the box :64 * 75 * 40nln13  [W * ] * h]
Malcrial of the box 1: a urninum
Mass of clcctrcmic box : 140g

●  l;lcctrical  ltcrns:  Magnc.tomctcr

Measuring range (each axis) : ~ W(K) nT
Output voltage swing :~2.5v

Bandwidth (-3dB) :70117.
‘J’hcrmal  drift : e 0.2 r~”I”/K  (each component)

No ise :< 0.5 nrl~)-l)

l%wcr supply :5 s.OV, 8n~A (may bc switched)

Power supply : + 15.OV, 1.6n~A (permanent)
l’owcr consumption :<120 mW (continuous opcraticm)



●  Mcclmnical  ltcms:  lloom

‘1 ‘ypc : twotilllcsfol(ic:cl,  lwin arm boom

Mafcrial :carbon  fiber

1 Englb : approx.  l(KK)nln~

Mass of boom (wilhout  springs) :85g

Mass of springs : approx.  20 g (cs(imatcd)


